




















































































International treaties and national policies seek to enhance global efforts tomitigate and adapt
toclimatechange.Whileitisimportanttocontinuetostrivetoreducegreenhousegasemissions,








Climate change mitigation and adaptation 



























































































































































































































































Climate change and biodiversity 
















































































































































































































sector, foster rural development and alleviate poverty, not least by improving rural access to


































































































Biomass: energy source for  













































































































































































































































































































































































rain inothers, shiftingpatternsandabundanceoffishstocks.Climatechangecompromises the
sustainabilityandproductivityofakeyeconomicandenvironmentalresource,butitalsopresents


































































































































Climate change threatens to uproot many rural 
communities. For example, rising sea levels may force 
many communities living in low-lying coastal areas and 
river deltas in developing countries to move to higher 
ground. Similarly, increasingly frequent droughts 
brought on by climate change may leave farmers and 
pastoralists who rely on rainfall to raise their crops and 
livestock with no alternative but to abandon their lands. 
This displacement of people is likely to result in 
competition between migrants and established 
communities for access to land. Reconciling diverse land 
use needs presents daunting challenges for 
governments at all levels. In cases where land rights are 
informal and different customary land tenure systems 
coexist, governments will need to work closely with local 
communities to establish fair and equitable systems of 
land tenure and develop mechanisms for resolving 
disputes. For many displaced communities, it may be 
impossible to maintain their farming or pastoral 
traditions. Land tenure policies designed to facilitate 
resettlement will need to be incorporated into a broader 
programme that provides opportunities for the displaced 
to earn livelihoods outside the agricultural sector.
 
Changing values
The expansion in cultivation of biofuel crops, driven not 
only by efforts to mitigate climate change but by high oil 
prices and national efforts to achieve energy self-
sufficiency, will also trigger greater competition for land. 
Countries seeking to capitalize on heightened demand 
for biofuels may choose to expand biofuel production by 
expropriating land being used by small-scale and 
subsistence farmers and allocating it to outside 
investors. From the perspective of national economic 
planners, the land may be considered “idle” or may not 
satisfy requirements for “productive use”. For local 
farmers and pastoralists, however, access to this land 
may be their most valuable asset. When the land is 
expropriated, it can be difficult for local users, especially 
if they hold no formally recognized tenure rights, to 
negotiate sufficient compensation to ensure a 
sustainable livelihood. 
 
In some areas, the move to expand biofuel production 
may provoke a shift in customary land tenure systems. 
Individual rights to the land acquired through a 
commercial real estate market may replace communal 
lands rights. In these cases, those who can afford 
market prices will secure greater control over the land, 
but many more risk losing their access to the land. In 
situations where real estate markets already determine 
land values, expanded biofuel production may drive up 
land prices. Low-income farmers may find themselves 
priced out of the rental market and see their access to 
land and their livelihoods disappear.
 
Rights denied
As land availability and land values change, some groups 
are at a greater disadvantage than others. Indigenous 
communities for example are particularly vulnerable 
because many governments do not recognize the 
legitimacy of their land and territorial rights. In addition, 
many indigenous peoples occupy territories that are 
particularly vulnerable to climate change, such as 
mountain and polar lands where melting glaciers and ice 
sheets may disrupt the supply of fresh water available 
and significantly alter the distribution range of fish and 
Climate change and expanding biofuel production is likely to lead to greater competition for access 
to land. For the millions of farmers, pastoralists, fisherfolk and forest dwellers with no formal land 
tenure rights, this increased competition poses a tremendous threat to their livelihoods. Sound land 







Climate change, biofuels and land
≥  In Africa more than 90 percent of land remains 
outside the formal legal system.
≥  Women produce about half of the world’s food but 
they own only about two percent of all land.
≥  It is estimated that low-lying river deltas, which 
are at risk from flooding due to rising sea levels 
brought about by climate change, are home to 
nearly 300 million people.
≥  Projected growth in biofuel production to 2030 
will require 35 million hectares of land (see 
table), an area approximately equal to the 

















wildlife populations. In the world’s remaining tropical 
rainforests, long-term drying trends will have a 
tremendous bearing on plant and animal species and the 
natural resources on which indigenous forest 
communities depend.
As competition for land increases under pressure of 
climate change and the expansion of biofuel cultivation, 
women are also disproportionately disadvantaged. In 
many parts of the world, because of entrenched legal 
and institutional discrimination, women do not hold 
formally recognised land rights. They often may face 
discrimination in customary tenure systems as well. 
Although women play a major role in agricultural 
production, childcare and gathering domestic water and 
fuel supplies they often have little control over how the 
land and other natural resources are managed. When 
populations are forced to resettle to new lands or 
communally held land is appropriated, it is rare that 
women’s needs and priorities are considered.
 
Security and flexibility
Given that climate change and the expansion of biofuel 
production is likely to affect access to land by the poor, 
there is a need for land policies that provide greater land 
tenure security to disadvantaged groups. Greater land 
tenure security also serves to mitigate climate change. 
Farming and forest communities are more likely to 
invest in agricultural practices that sustain healthy 
forests and fertile fields, both of which are important 
carbon sinks, if they have secure land tenure. 
As competition for land increases, there is a need to 
ensure that the land rights of vulnerable communities 
are respected. In this regard, Mozambique has 
introduced legislation requiring investors to consult with 
local communities holding rights to land before 
undertaking major commercial enterprises such as 
biofuel production. 
Governments also need to establish clear and fair 
criteria for determining “productive use” requirements 
and legal definitions for what constitutes “idle” land. The 
biofuel industry could provide support for implementing 
land tenure policies that safeguard the rights of local 
farmers by adhering to sustainable biofuel certification 
schemes. However, land tenure policies that secure the 
rights of disadvantaged communities to land can only 
serve their purpose if these communities understand 
these rights and have access to legal support services.
Although land tenure policies need to provide security 
to those in need, these policies also need to be flexible 
enough to accommodate anticipated transformations in 
land use and settlement patterns. It is important for 
planners to understand how rural communities have 
already begun to adapt to climate change and how this is 
affecting existing land tenure systems. Governments 
should work to completely integrate land policy 
considerations into their climate change adaptation 
strategies.









million ha % arable million ha % arable million ha % arable million ha % arable
United States and Canada 8.4 1.9 12.0 5.4 20.4 9.2 22.6 10.2
European Union 2.6 1.2 12.6 11.6 15.7 14.5 17.1 15.7
OECD Pacific neg. neg. 0.3 0.7 1.0 2.1 1.0 2.0
Transition economies neg. neg. 0.1 0.1 0.2 0.1 0.2 0.1
Developing Asia neg. neg. 5.0 1.2 10.2 2.5 11.5 2.8
Latin America 2.7 0.9 3.5 2.4 4.3 2.9 5.0 3.4
Africa and Middle East neg. neg. 0.8 0.3 0.9 0.3 1.1 0.4
World 13.8 1.0 34.5 2.5 52.8 3.8 58.5 4.2
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1 land used for biofuel production in 2004 and as a percentage of total arable land;  
2 situation in 2030 if current trends remain unchanged;  
3 situation if countries adopt all of the policies they are currently considering related to energy security and CO2 emissions;  
4 situation in which some biomass for biofuels production comes from non-arable land and residues, reducing arable land requirements. neg = negligible; ha = hectares.
Charting the change 
While there is clear evidence that climate change is 
altering the distribution of animal and plant pests and 
diseases, the full effects are difficult to predict. Changes 
in temperature, moisture and atmospheric gases can 
fuel growth and generation rates of plants, fungi and 
insects, altering the interactions between pests, their 
natural enemies and their hosts. Changes in land cover, 
such as deforestation or desertification, can make 
remaining plants and animals increasingly vulnerable to 
pests and diseases. While new pests and diseases have 
regularly emerged throughout history, climate change is 
now throwing any number of unknowns into the 
equation.
Some of the most dramatic effects of climate change 
on animal pests and diseases are likely to be seen 
among arthropod insects, like mosquitoes, midges, 
ticks, fleas and sandflies, and the viruses they carry. 
With changes in temperatures and humidity levels,  
the populations of these insects may expand their 
geographic range, and expose animals and humans  
to diseases to which they have no natural immunity. 
Other climate changes can create more opportunities 
for vector-borne diseases. In pastoral areas, for 
instance, drier conditions may mean fewer watering 
holes, which will increase the interaction between 
domesticated livestock and wildlife. Increased 
interaction between cattle and wildebeest in East Africa 
could lead to a serious outbreak of malignant catarrhal 
fever, a highly fatal disease for cattle, since all 
wildebeest carry the fever virus.
Aquatic animals are also vulnerable to emerging 
climate-related diseases, particularly since their 
ecosystems are so fragile and water is such an effective 
disease carrier. A fungal disease called the epizootic 
ulcerative syndrome recently expanded to infect fish  
in southern Africa due in large part to increases in 
temperature and rainfall levels. 
 
Protecting food and farmers
Pests and diseases have historically affected food 
production either directly through losses in food crops 
and animal production, or indirectly through lost profits 
from insufficient cash crop yields. Today, these losses 
are being exacerbated by the changing climate and its 
increasing volatility, threatening food security and rural 
livelihoods across the globe.
Developing countries with a high reliance on 
agriculture are the most vulnerable to today’s changing 
patterns of pests and disease. Hundreds of millions of 
smallholder farmers depend solely on agriculture and 
aquaculture for their survival. As rural farmers struggle 
to produce food, poor people in nearby urban areas are 
left to contend with less availability in addition to higher 
food prices. National economies will also suffer as new 
pests and diseases either reduce agricultural products’ 
access to international markets or incur higher costs 
associated with inspection, treatment and compliance. 
Plant pests, which include insects, pathogens and 
weeds, continue to be one of the biggest constraints to 
food and agricultural production. Fruit flies, for instance, 
cause extensive damage to fruit and vegetable 
production and, as the globe’s temperatures continue  
to increase, are finding more areas to call home. 
Controlling such pests often requires the use of 





s ≥  Pests, pathogens and weeds cause the loss of 
more than 40 percent of the world’s food supply.
≥  Transboundary animal diseases such as  
foot-and-mouth disease, bovine spongiform 
encephalopathy, classical swine fever and,  
most recently, bird flu, are estimated to have 
caused economic losses in the tens of billions  
of US dollars.
≥  The 2003-2004 outbreak of desert locust in Africa 
affected more than 12 million hectares across  
20 countries and cost more than US$400 million 
to combat. 
≥  The world’s oceans currently absorb a million 
tonnes of carbon dioxide each hour, creating an 



























Countries spend large sums of money to eradicate and control animal and plant diseases and pests. 
Climate change is now creating favourable conditions for animal and plant pests and diseases in new 
areas as well as changing the way they are transmitted. 
Climate change and 
transboundary pests and diseases
human health and the environment. This is particularly 
true for poor rural people, who cannot afford to use the 
less toxic compounds or to own proper application or 
safety equipment. 
Climate change may also play a role in food safety.  
A growing number of pests and diseases could lead to 
higher and even unsafe levels of pesticide residue and 
veterinary drugs in local food supplies. And changes in 
rainfall, temperature and relative humidity can readily 
contaminate foods like groundnuts, wheat, maize, rice 
and coffee with fungi that produce potentially fatal 
mycotoxins.
 
Strengthening cooperation and  
early detection
Climate change is a global problem that is affecting 
every single country. Global cooperation therefore is 
required to respond to it. 
However, given the nature of plant pests and animal 
diseases, more localized or regionalized strategies will 
be needed to be effective. Investments in early control 
and detection systems, including border inspections, will 
be key to avoid the higher costs of eradication and 
management. Coordinated research, including 
programmes related to climate change and food  
security from the Consultative Group on International 
Agricultural Research, will be needed to improve the 
range of options available to countries. 
International trade and traffic spread transboundary 
animal and plant pests and diseases and alien invasive 
aquatic species. Countries take measures to keep new 
diseases and pests out. Such measures may hinder the 
free flow of goods and should therefore be scientifically 
justified and be as limited as possible in their effects on 
trade. New uncertainties and possibilities of introduction 
caused by climate change have the potential to increase 
these regulations and their effect on trade.
The containment of some pests and diseases may not 
be feasible because, for example, they are spreading too 
fast. New farming practices, different crops and animal 
breeds, and integrated pest management principles 
must be developed to help stem their spread. 
Governments may need to consider the introduction  
of biological control agents or new pest- or disease-
resistant crops and breeds.
Governments need to strengthen national animal and 
plant health services as a top priority. They need to focus 
on basic sciences, such as taxonomy, modeling, 
population ecology and epidemiology. Governments 
should also consider how to better consolidate and 
organize their national animal and plant health services 
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Disease-causing insect moves north
Bluetongue disease is a devastating infection of 
ruminants that has historically been confined to 
southern Europe along the Mediterranean. 
However, since 1998, northern Europe has had 
increasingly warm weather and some midges 
that carry the virus that causes bluetongue have 
moved north. Changing temperatures have also 
allowed new, more populous insect species to 
transmit the disease, which has enhanced its 
spread. Bluetongue’s biggest impact may be felt 
among cattle farmers; many countries will not 
accept meat exports from countries where 
bluetongue occurs.
Changing world of pest and disease
Climate change is only one of several “global 
change” factors driving the emergence and spread 
of plant pests and animal diseases. Additional 
factors include:
• globalization;
• human population growth;
• ecosystem diversity, function and resilience;
• industrial and agricultural chemical pollution; 
• land use, water storage and irrigation;
• atmospheric composition;
•  species interactions with hosts, predators  
and competitors;


























The current situation 
Many intensively exploited river basins in key food 
producing regions are already operating at the limit of 
their resource base. These are worrying indicators of 
what is yet to come, given the dependency of urban 
dwellers on agricultural production and the proportion  
of people whose livelihoods depend on agriculture  
and related activities – more than two thirds in  
sub-Saharan Africa. 
 
Worldwide, agriculture represents about 70 percent  
of water withdrawal; in sub-Saharan Africa 87 percent.  
But the demands of rapidly growing urban areas increase 
the pressure on the quality and quantity of local water 
resources. In addition, water is increasingly needed for 
environmental purposes like the replenishment of 
wetlands.
 
How food security will be affected
Water management is fundamental to maintain the 
stability of global food production. Reliable access to 
water increases agricultural yields, provides a stable 
supply for many key agricultural products and higher 
incomes in the rural areas that are home to three-
quarters of the world’s hungry people. Without 
sustainable water management across river basins, 
lakes and associated groundwater aquifers, local, 
regional and global food security is at risk. Drought is 
the single most common natural cause of severe food 
shortages in developing countries. Floods are another 
major cause of food emergencies. To the extent that 
climate change increases the variability of rainfall and 
increases the frequency of extreme weather events, it 
will hinder food security.
 Changes in precipitation, evaporation of water from the 
soil and transpiration (water vapour given off by plants) 
are expected to reduce runoff by 2060 in some parts of 
the world, such as the Near East, Central America, 
northern Brazil, the western margin of the Sahara and 
southern Africa. In contrast, runoff will increase, for 
example, in northern Europe, northern China, East Africa 
and India. Runoff is important to replenish the water of 
rivers and lakes and therefore also for irrigation and  
maintaining ecosystem services.  
Hardest hit will be rainfed agriculture – which covers 
96 percent of all cultivated land in sub-Saharan Africa, 
87 percent in South America and 61 percent in Asia. In 
marginal semi-arid zones with prolonged dry seasons, 
the risk of crop failures will increase. Where stability of 
production cannot be assured, people will be forced to 
migrate. By the 2080s, land unsuitable for rainfed 
agriculture in sub-Saharan Africa due to severe climate, 
soil or terrain constraints may increase by 30 to 60 million 
hectares. 
But irrigation in large river basins and deltas are also 
at risk from a combination of reduced runoff, salinity 
(Indus), increased flooding and sea level rise (Nile, 
Ganges-Brahmaputra, Mekong, Yangtse), and urban and 
industrial pollution. These stresses on some of the 
prime productive land will reduce the agricultural 
output, biodiversity and the natural ability of ecosystems 
to recover – with possible negative impacts on millions 
of farmers and consumers across the world as food 
supply becomes progressively constrained.
The impacts of climate change will be uneven between 
countries and regions. China, with 140 million 
undernourished people, should gain 100 million tonnes 
in cereal production, while India, with 200 million 
As a consequence of climate change, farmers will face growing unpredictability and variability in 
water supplies and increasing frequency of droughts and floods. However, these impacts will vary 
tremendously from place to place. Scientists expect that elevated temperatures will benefit agriculture 
in the northern latitudes, while large parts of the arid and semi-arid tropics will face declining rainfall 






Climate change, water and food security
≥  By 2025, 1.8 billion people will live in countries  
or regions with absolute water scarcity.
≥  Himalayan snow and ice, which provide vast 
amounts of water for agriculture in Asia, are 





≥  By 2080 climate change is likely to have these 
impacts: 
•  Seventy five percent of Africa’s population could  
be at risk of hunger.
•  Seventy five million hectares of land currently 
suitable for rainfed agriculture being lost in  
sub-Saharan Africa.
•  Agricultural Gross Domestic Product will fall by  
up to 8 percent in sub-Saharan Africa and by  
4 percent in Asia.




















undernourished, is expected to lose 30 million tonnes. 
Mozambique is projected to lose more than 25 percent of its 
agricultural productive capacity, while all scenarios show 
North America gaining 3 percent to 13 percent in agriculture 
value due to climate change.
 
What can be done?
Areas projected to experience lower precipitation will need 
to improve water storage, management and productivity. 
Large irrigation schemes will need to adapt to changes in 
water supply regimes and support will be needed for small-
scale, field-based water control measures. 
 
Five policy responses are key:
1.  Include adaptation and mitigation measures for 
agricultural water management in national 
development plans. 
2.  Promote technical and management measures to 
improve the flexibility of rainfed and irrigated 
agriculture and reduce water losses in irrigated 
production systems. 
3.  Improve knowledge on climate change and water, and 
share good practice among countries and regions. 
4.  Promote risk management in national policies through 
better monitoring networks and innovative insurance 
products. 
5.  Mobilize adaptation funds to meet the challenges of 




















Nile basin countries plan 
for climate change
A rise in temperature of three degrees Celsius 
could strain water supplies for an additional 155  
to 600 million people in the Near East, already one 
of the most water-stressed regions in the world. 
The impacts in the Nile River basin will include 
increased flooding from rising sea levels in the 
delta along with increased exposure to water 
shortages. Irrigation systems are already under 
environmental strain from salinity, water logging 
and overexploitation of groundwater. 
In response, an FAO project is promoting 
equitable use of water resources among the 10 Nile 
basin countries. Countries cross-reference water 
data with socioeconomic and environmental 
information to assess how projected water use 
patterns will affect water resources. The hope is 
that a strengthened common knowledge base will 
enhance the ability to allocate water in a way that  
is seen as effective and fair and that fosters rural 
development, poverty alleviation and regional 
cooperation.
Region Percent change  
in agricultural GDP




North America +7.5 +1.3
Europe -14.7 -3.4
Developing -1.9 -3.9
Sub-Saharan Africa -4.9 -0.6
Asia -4.3 -8.6
Latin America +3.7 +15.9
Change in world  
market prices
All crops: +10.5 Cereals: +19.5
Source: International Institute for Applied Systems Analysis
Projected climate change impact on agricultural Gross  
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